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Description 

Field of the Invention 

[0001 ] This invention generally relates to methods for 
managing the service life of fatigue-limited metal com- 
ponents. This invention also generally relates to a meth- 
od for managing and extending the service life of fa- 
tigue-limited metal components. More specifically, this 
invention is related to a management method using a 
non-destructive technique for measuring the remaining 
useful service life of fatigue-limited metal components 
by determining the residual compressive stress in the 
critical surfaces of the individual components. Using the 
method of this invention, a metal component is removed 
from service or reworked to increase its residual com- 
pressive stress once the residual compressive stress is 
reduced or falls below a predetermined value. This in- 
vention allows an increase in both safety and economy 
in the management and operation of turbine engines 
and other machines containing fatigue-limited metal 
components by providing a reliable means for non-de- 
structively measuring the remaining service life of the 
fatigue-limited metal components. This invention is es- 
pecially adapted for managing populations of fatigue- 
limited rotating parts in gas turbine engines, including 
aircraft engines, and the like. Using the present methods 
of this invention to manage and measure the surface 
. residual compressive stress in such parts or compo- 
nents, it is now possible to determine the appropriate 
time {i.e., prior to permanent deterioration from tensile 
stress crack initiation) for reworking the part to increase 
or restore its surface residual compressive stress so that 
the service life of the part or component can be extend- 
ed. Using the present methods of this invention, the 
overall service life of a population of components used 
in, for example, jet engines or turbine engines, can be 
maximized without a significant decrease in safety. In 
fact, the present invention can provide both increased - 
safety and economy for the aviation and other indus- 
tries. 

[0002] In another embodiment, this invention also 
generally relates to a method for designing fatigue-lim- 
ited metal components with selected service life and 
performance (e.g., weight) characteristics. More specif- 
ically, this embodiment provides a method in which the 
surface residual compressive stress measurements of 
a component during manufacture and/or design are 
used to guide manufacture and/or design so that the 
component can be manufactured and/or designed to 
have suitable and predictable service life while adjusting 
a performance criterion (e.g., reducing the weight) or 
several performance criteria of the component In effect, 
a selected performance criterion (or several selected 
performance criteria) and service life of the component 
can be balanced to achieve optimum or near optimum 
performance/service life characteristics for specific 
components. Using weight reduction as the primary per- 



formance criterion, for example, such a method should 
be especially useful in military fighter aircraft where 
weight concerns are especially important, more limited 
component service lives are acceptable, and more fre- 
5 quent inspections are justified. Surface residual com- 
pressive stress measurements after one or more appro- 
priate manufacturing step in the manufacturing process 
can also be used for quality control purposes. 

JO Background of the Invention 

[0003] Fatigue-limited metal components of gas tur- 
bines or jet engines, or other machine components sub- 
ject to metal failure or fatigue, must be carefully man- 
's aged in order to avoid failure during operation. The fail- 
ure, for example, of a critical component of a jet engine 
during operation may result in loss of life or other cata- 
strophic consequences. Currently in the aviation indus- 
try (commercial and military), there are three general 
20 types of management techniques or approaches used 
for the management of fatigue-limited machine compo- 
nents in order to prevent possible catastrophic failure 
due to metal fatigue. Each of these approaches at- 
tempts to balance safety and economic concerns based 
25 on available data. See, for example, S. Suresh, Fatigue 
of Metals , 499-502 (1991), which generally discusses 
the three commonly used management approaches. 
[0004] The most conservative of these approaches, 
often termed the "safe life" approach, is based on the 
30 estimated fatigue life established through analysis and 
comparable experience by the engine manufacturer 
This approach attempts to estimate the point at which 
the shortest-lived part or component in the total popula- 
tion would be expected to fail. After allowing for a suit- 
es able safety margin, an arbitrary retirement point is 
adopted forthat component. This retirement point is nor- 
mally measured it total take-off cycles or hours. Once a 
part reaches the retirement point, it is removed from 
service and mutilated to prevent further, unauthorized 
40 use. Although generally allowing for the greatest margin 
of safety, significant economically useful service life of 
such parts is lost. In effect, this "safe life" approach is 
based on, and controlled by, an estimation of the lifetime 
of the weakest part or component in the total population. 
45 [0005] A somewhat less conservative management 
technique is the so-called "fail safe" approach. In this 
approach, a maximum service life is determined by the 
total accumulated service hours or cycles (whichever is 
shorter) at which the first crack is detected in an actual 
50 part (e.g., disk or drum rotor used in a compressor, tur- 
bine, or engine) in the population of like parts. Once a 
part has developed such a crack, its accumulated serv- 
ice life (in hours or cycles) is effectively used to deter- 
mine the allowable service life of all similar parts in the 
55 population. If a part is later found to develop a crack at 
an earlier time, then that part is used to redefine (and 
shorten) the acceptable service life limits of the popula- 
tion. Once a part reaches its acceptable service life, it 
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is removed from service and mutilated to prevent further 
use.. In effect, this "fail safe" approach is also based on, 
\ and controlled by, the actual weakest part or component 
in the total population. Many parts may still have many 
hours of safe and useful service life remaining beyond 
that of this weakest part. But, since the useful and safe 
service life of these parts cannot be reliably determined, 
they must be removed from service in the interest of 
safety. This "fail safe" approach is generally used in the 
airline industry for mature fleets where low cycle fatigue 
cracks have been detected in the relevant component 
populations. Where sufficient service data have not 
been developed, the more conservative "safe life" ap- 
proach is generally used. In each approach, however, 
parts having many remaining hours of safe and reliable 
use will be removed from service. 
[0006] More recently, the United States Air Force has 
successfully adopted an even less conservative man- 
agement technique, the so-called "retirement for cause" 
approach, for its management of some critical engine 
components. In this approach, the parts are periodically 
examined non-destructively for cracks and other defects 
using, for example, fluorescent dye penetration, mag- 
naflux, radiographic, or eddy current techniques. Once 
a crack is observed, that part, but only that part, is im- 
mediately retired from service. Other parts, even though 
they may have accumulated service times equal to or 
greater than the retired part, are continued to be used 
until they actually develop cracks. To operate safely, this 
approach requires frequent and periodic inspections of 
the individual parts. In general, as parts age, the fre- 
quency of inspections should be increased, in any 
event, the frequency of inspections must be such that 
the period between inspections is less, preferably by a 
significant margin, than the time normally required for a 
detectable crack to further deteriorate to the point of ac- 
tual failure. Although this approach may result in more 
frequent teardowns for inspection of the individual parts, 
the potential savings based on achieving, or at least ap- 
proaching, the maximum lifetimes of the individual parts 
can be enormous. The major drawback of this approach 
is that it relies upon detection of an actual crack in the 
part. Thus, this approach is generally not suitable for 
parts in which crack formation cannot be detected in a 
reliable and consistent manner. Once a crack has 
formed, the part contains, in effect, a permanent, irre- 
versible defect which will ultimately lead to failure, per- 
haps catastrophic failure, unless that part is removed 
from service in a timely manner. Additionally, this ap- 
proach, of course, is not suitable for use where the nor- 
mal time between the initial development of a detectable 
crack and failure of the part is relatively short. Moreover, 
in parts where actual failure normally does not follow 
quickly after the development of a crack, if such a crack 
develops shortly after an inspection, the risk of failure 
during actual operation increases simply because the 
length of time in which the part is operated with the de- 
fect is maximized. Therefore, this method has an in- 



creased safety risk when compared to the "safe life" and 
"fail safe" approaches. This increased risk, although 
perhaps small, may still be significant because the de- 
tection point is the actual formation of a detectable 
5 crack. The longer that part remains in service, once a 
crack has formed, the greater the risk of catastrophic 
failure. 

[0007] It would be desirable, therefore, to provide 
non-destructive methods to measure the remaining 

10 service or useful life of fatigue-limited metal components 
before crack Initiation has begun or, at least, before ac- 
tual cracks can be observed (i.e., before permanent and 
* irreversible damage has begun). It would also be desir- 
able to provide methods by which the service or useful 

>5 life of fatigue-limited metal components could be in- 
creased without significantly increasing the risk of cata- 
strophic failure of the metal components during opera- 
tion. It would also be desirable to provide a method for 
manufacture and/or design of fatigue-limited metal com- 

20 ponents whereby the service life and selected perform- 
ance criterion (e.g., weight) of the metal components 
can be adjusted and balanced to desired interrelated 
levels. It would also be desirable to provide a non-de- 
structive method for determining the suitability of newly 

25 manufactured or reworked parts for their intended use. 
It would also be desirable to provide improved quality 
control methods or procedures for use in the manufac- 
ture of fatigue-limited metal components. Such methods 
would provide both increased safety and economy for 

30 the aviation industry (commercial and military). The 
methods of this invention generally provide such im- 
proved methods. 

[0008] A publicity brochure entitled "Successful Appli- 
cations - TEC portable X-ray residual stress analysis 

35 systems" presented by Technology for Energy Corpora- 
tion and bearing a 1991 copyright notice teaches that 
residual stress analysis can be used to determine the 
effect of certain repair work (foreign object damage), to 
measure residual stress in fabricated parts expected to 

^0 suffer distortion, and to analyse engine bearings and/or 
races when the bearings have been re-ground. 
[0009] In Microtecnic, No. 3, 1984, Zurich, Switzer- 
land, an article by J-P Vittoz on pages 34-36 proposed 
early detection of internal stresses as an effective way 

45 to avoid corrosive stress cracking in adverse environ- 
ments or in alternating operating stresses. 

Summary of the Invention 

so [0010] The present invention is defined by the inde- 
pendent claims below. Dependent claims define pre- 
ferred or optional technical features. 
[0011] The present invention relates to methods for 
the management of populations of fatigue-limited metal 

55 components. This invention also relates to methods for 
the determination of the remaining service life of individ- 
ual fatigue-limited metal components. The metal com- 
ponents to be managed by the present invention include 
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metal components having relatively high levels of resid- 
ual compressive stress as manufactured and which are 
\ subject to fatigue-related failure. The relatively high re- 
sidual compressive stress of such a metal components 
as manufactured my be the result of the actual manu- 5 
facturing process used and/or subsequent working of 
the metal component by shot peening or other cold 
working processes after actual production to increase 
the residual compressive stress. Preferably, the residual 
compressive stress s manufactured is in the rage of 
about 345 to 1380 MPa (about 50, 000 to 200,000 
pounds per square inch) and, more preferably, in the 
range of about 1034 to 1241 MPa (about 150,000 to 
180,000 pounds per square inch). Components having 
residual compressive stresses higher or lower than 
these ranges can, of course, be managed by the meth- 
ods of the present invention. However, the components 
as manufactured should have sufficient residual com- 
pressive stress for their intended use. Using the meth- 
ods of this invention, increases in both safety and econ- 
omy in the management of such metal components are 
expected. 

[0012] In another embodiment, this invention also re- 
lates to methods for the manufacture and/or design of 
fatigue-limited metal components whereby the surface 
residual compressive stresses are monitored and ad- 
justed during manufacture and/or design to yield com- 
ponents having improved performance criterion (e.g., 
reduced weight) but still acceptable surface residual 
compressive stresses and, thus, acceptable service life- 
times. These methods can also be used during the man- 
ufacturing process to track and assess individual proc- 
ess steps by measuring. the surface residual compres- 
sive stress and comparing it to design or target levels 
throughout the process. These values can also, if de- 
sired, be included in total stress calculations and/or a 
database for the components to assist in improving, 
evaluating, and/or understanding component design 
and performance. Components manufactured and/or 
designed using this method can then be, if desired, man- 
aged in service using the other methods disclosed and 
described herein for the management of populations of 
fatigue-limited metal components. 
[0013] In still another embodiment, this invention also 
relates to quality control methods whereby the residual 
compressive stress condition of one or more critical sur- 
faces areas is determined prior to entry of that part into 
. service or at various stages during the manufacturing 
process. Parts having insufficient surface residual com- 
pressive stress levels for their intended purpose could 
either be withheld from service (and destroyed) or, if ap- 
propriate, reworked to increase the surface residual 
compressive stress of the part to acceptable levels. By 
avoiding placing parts into service with less than accept- 
able surface residual compressive stress levels and/or 
reducing the scatter or range of the residual compres- 
sive stress levels of parts placed into service, increased 
safety margins and economies can be obtained. Such 



quality control methods can also be used during the 
manufacturing process by measuring the residual com- 
pressive stress condition of one or more critical surfaces 
areas at various stages of the manufacturing process 
and using that measurement to determine whether that 
component (perhaps with reworking at that or later stag- 
es) can be continued in the manufacturing process. By 
early elimination of components not likely to pass final 
inspection or quality control requirements, considerable 
saving could be maintained. Moreover, increased qual- 
ity control measures at various manufacturing stages 
will likely result in increased safety margins since poten- 
tially defective parts are more likely to be identified be- 
fore entry into service. Such quality control methods can 
be used, if desired, on only one or only a few manufac- 
turing steps in the process {e.g., control and evaluation 
of the shot peening process only). 
[0014] Fatigue failures in metal components almost 
always develop from cracks generated in the surface 
layer of the metal components exposed to high stress, 
environments. To reduce the likelihood of crack forma- 
tion, great care is normally taken in the manufacture of 
such metal components to ensure that the initial residual 
stress in the critical surface layers of the crystalline 
structure of the. metal are in relatively high compression 
(often up to 1172 MPa - 170,000 pounds per square inch 
- or higher). Since these initial stress levels are not cur- 
rently measured for the as-manufactured parts, it is pos- 
sible that parts having less than acceptable residual 
compressive stress levels could be placed into service. 
Luring operation under conditions of high load and op- 
erating temperatures, the residual compressive stress 
of the component gradually diminishes over time. Once 
the residual compressive stress reaches zero, the trend 
continues and builds up residual tensile stress in these 
areas. Over time, the residual tensile stress can in- 
crease to levels in excess of the ultimate tensile strength 
of the surface of the material and cracks develop. Such 
cracks in a component left in service propagate until 
they reach a cnt)ca\ length, at which time catastrophic 
failure occurs. If such a part is placed into service with 
less than acceptable surface residual compressive 
stress values, catastrophic failure may occur (or at least 
be at increased risk to occur) before the first scheduled 
inspection. The present invention provides methods for 
managing metal components whereby conditions in- 
volving significant residual tensile stress and, therefore, 
crack initiation are avoided. By monitoring the residual 
compressive stress in areas of high stress concentration 
and maintaining the metal component under conditions 
of compressive stress, the present invention provides a 
management program which does not rely on either ex- 
pected or actual crack formation as the management cri- 
terion. Further, the present invention provides a quality 
control method whereby the actual residual compres- 
sive stress levels in as-manufactured parts (and/or at 
critical stages of the manufacturing process) are meas- 
ured so that parts without sufficient surface residual 
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compressive stress for their intended purposes are 
identified (and corrected) before being placed into serv- 
ice. 

[001 5] In the method of this invention, a non-destruc- 
tive technique (/.a, x-ray diffraction) is used to measure 
the remaining residual compressive stress in the rele- 
vant metal components. Once the residual compressive 
stress of an individual component falls below a prede- 
termined value, that part, but only that part, is effectively 
flagged for further attention. For metal components hav- 
ing residual compressive stress below a predetermined 
value, there are essentially two options. In the first op- 
tion, the metal component is simply removed perma- 
nently from service. In the second option, the metal com- 
ponent is reworked (using, for example, shot peening) 
to increase its residual compressive stress to an accept- 
able level and then returned to service. By periodically 
evaluating such metal components using the methods 
of this invention, the service life of the total population 
of metal components can be maximized in a safe and 
efficient manner. 

[0016] For metal components having residual com- 
pressive stress higher than the predetermined value, 
the remaining service life of that component can be de- 
termined. The greater the difference between the meas- 
ured residual compressive stress and the predeter- 
mined value, the greater the remaining service life for 
that component should be. Such information should be 
useful (especially as considerable historical data for the 
population become available over time) in matching 
components for use in particular engines or applications 
(i.e., matching components which have comparable re- 
maining service life) or for scheduling routine teardowns 
and maintenance. 

[0017] In the method of the present invention directed 
to manufacture and/or design/development of fatigue- 
limited metal components, the surface residual com- 
pressive stress is monitored during the manufacture 
and/or design/development process and used as a 
guide to obtain metal components having, for example, 
reduced weight but acceptable strength and service life- 
times. By measuring the surface residual compressive 
stresses during various stages of the manufacturing and 
especially during the course of the design and/or devel- 
opment process, the minimum (or near minimum) 
weight necessary for a given part or area of a part can 
be achieved while still maintaining an acceptable resid- 
ual compressive stress in the critical surface areas of 
the part. Thus, using this method it is possible to man- 
ufacture and/or design fatigue-limited metal compo- 
nents with reduced weights and acceptable service life- 
times and inspection/maintenance schedules. This 
method will be especially useful in manufacturing and/ 
or designing metal components (e.g., jet engine disks) 
for military aircraft. In effect, the design process of this 
invention allows the total stress (applied plus residual 
stresses) of the component during use to be taken into 
account in the design and/or manufacture procedures. 



In prior art design processes, generally only the applied 
stress could be taken into account 
[0018] One object of the present invention is to pro- 
vide a method for managing a population of metal parts 
5 in order to determine when to remove an individual met- 
al part from service, wherein said metal parts are man- 
ufactured having relatively high levels of residual com- 
pressive stress and said metal parts are subject to fa- 
tigue-related failure, said method comprising: 

w 

(1) selecting an individual metal part from the pop- 
ulation; 

(2) determining the remaining residual compressive 
stress of the surface of the selected individual metal 

is part in one or more areas of stress concentration 
using x-ray diffraction techniques; and 

(3) removing the selected individual metal part from 
service if the remaining residual compressive stress 
measured in one or more areas of stress concen- 

20 tration has fallen below a predetermined level. 

[0019] Another object of the present invention is to 
provide a method for managing a population of metals 
parts in order to extend the service life of individual metal 
25 parts in the population, wherein said metal parts are 
manufactured having relatively high levels of residual 
compressive stress and said metal parts are subject to 
fatigue-related failure during service, said method com- 
prising, for each individual metal part in the population: 

30 

(1 ) removing the individual metal part from the pop- 
ulation from service; 

(2) measuring the remaining residual compressive 
stress of the surface of the individual metal part in 

35 one or more areas of stress concentration using x- 
ray diffraction techniques; 

(3) comparing the remaining residual compressive 
stress measured in one or more areas of stress con- 
centration to a predetermined level; and 

40 (4) if the remaining residual compressive stress re- 
mains above the predetermined level, returning the 
individual metal part to service; or 
(5) if the remaining residual compressive stress is 
at or below the predetermined level,, reworking the 

45 individual metal part to increase the residual com- 
pressive stress to a reworked level above the pre- 
determined level and then returning the individual 
metal part to service. 

50 [0020] Although the present invention is preferably di- 
rected towards methods for the management of large 
populations of similar type metal parts, it can also be 
used to test individual metal parts. Thus, for example, 
the present invention can also be used for spot checking 

55 metal parts throughout their expected service life as part 
of routine or scheduled preventive maintenance or dur- 
ing repairs or teardown procedures necessitated by 
breakdowns. Thus, still another object of the present in- 
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vention is to provide a method for determining when to 
remove a metal part from service, wherein said metal 
\ part is manufactured having relatively high levels of re- 
sidual compressive stress and said metal part is subject 
to fatigue-related failure, said method comprising: 

(1) measuring the remaining residual compressive 
stress of the surface of the metal part in one or more 
areas of stress concentration using x-ray diffraction 
techniques; 

(2) comparing the remaining residual compressive 
stress measured in one or more areas of high stress 
concentration to a predetermined value; and 

(3) removing the metal part from service if the re- 
maining residual compressive stress measured in 
one or more areas of stress concentration is less 
than the predetermined level. 

[0021] Still another object of the present invention is 
to provide a method for extending the service life of a 
metal part, wherein said metal part is manufactured hav- 
ing relatively high levels of residual compressive stress 
and said metal part is subject to fatigue-related failure 
during service, said method comprising: 

(1) measuring the remaining residual compressive 
stress of the surface of the metal part in one or more 
areas of stress concentration using x-ray diffraction 
techniques; 

(2) comparing the remaining residual compressive 
stress measured in one or more areas of stress con- 
centration to a predetermined level; and 

(3) if the remaining residual compressive stress re- 
mains above the predetermined level, returning the 
metal part to service; or 

(4) if the remaining residual compressive stress is 
at or below the predetermined level, reworking the 
metal part to increase the residual compressive 
stress to a reworked level above the predetermined 
level and then returning the metal part to service. 

[0022] Still another object of the present invention is 
to provide a method for designing a fatigue-limited metal 
part whereby a selected performance criterion for the 
metal part is improved while maintaining sufficient re- 
sidual compressive stress to achieve an acceptable 
service life for the metal part, said method comprising: 



the one or more critical surface areas of the modi- 
fied prototype to determine the remeasured residu- 
al compressive stress in comparison to the prede- 
termined residual compressive stress design level 

5 in order to gauge the effect of the modification; and 
(5) repeating steps (2) through (4) for the one or 
more critical surface areas until an acceptable and 
functional metal part is obtained, wherein the ac- 
ceptable and functional metal part has its selected 

10 performance criterion improved and has sufficient 
residual compressive stress in the one or more crit- 
ical surface areas for its intended use. 

[0023] Still another object of the present invention is 
15 to provide a method for designing a fatigue-limited metal 
part whereby the weight of the metal part is reduced 
while maintaining sufficient residual compressive stress 
to achieve an acceptable service life for the metal part, 
said method comprising: 

20 

(1) providing a prototype of the metal part; 

(2) measuring the residual compressive stress in 
one or more critical surface areas of the prototype 
during the course of the design of the metal part; 

25 (3) modifying the prototype using the difference be- 
tween the measured residual compressive stress 
and a predetermined residual compressive stress 
design level as a guide; 

(4) remeasuring the residual compressive stress in 
30 the one or more critical surface areas of the modi- 
fied prototype to determine the remeasured residu- 
al compressive stress in comparison to the prede- 
termined residual compressive stress design level 
in order to gauge the effect of the modification; and 
35 (5) repeating steps (2) through (4) for the one or 
more critical surface areas until an acceptable and 
functional metal part is obtained having reduced 
weight and sufficient residual compressive stress in 
the one or more critical surface areas for its intend- 
40 ed use. 

[0024] Still another object of the present invention is 
to provide a method for designing a fatigue-limited metal 
part whereby the weight of the metal part is minimized 
^5 while maintaining sufficient residual compressive stress 
to achieve an acceptable service life and safety factor 
for the metal part, said method comprising: 

(1) providing a prototype of the metal part; 

(2) measuring the residual compressive stress in 
one or more critical surface areas of the prototype 
during the course of the design of the metal part; 

(3) modifying the prototype by reducing its weight 
using the difference between the measured residual 
compressive stress and a predetermined residual 
compressive stress design level as a guide; 

(4) remeasuring the residual compressive stress in 
the one or more critical surface areas of the modi- 



(1) providing a prototype of the metal part; 

(2) measuring the residual compressive stress in so 
one or more critical surface areas of the prototype 
during the course of design of the metal part; 

(3) modifying the prototype using the difference be- 
tween the measured residual compressive stress 
and a predetermined residual compressive stress 55 
design level as a guide to improve the selected per- 
formance criterion; 

(4) remeasuring the residual compressive stress in 
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fied prototype to determine the remeasured residu- 
al compressive stress in comparison to the prede- 
termined residual compressive stress design level 
in order to gauge the effect of the modification; and 
(5) repeating steps (2) through (4) for the one or 
more critical surface areas until an acceptable and 
functional metal part is obtained having minimal 
weight and sufficient residual compressive stress in 
the one or more critical surface areas to achieve an 
acceptable service life and safety factor for the met- 
al part. 

[0025] Still another object of the present invention is 
to provide a quality control method for the manufacture 
of fatigue-limited metal components, said method com- 
prising measuring the residual compressive stress in 
one or more critical surface areas for each metal com- 
ponent after its manufacture and before placing it into 
service, comparing the measured residual compressive 
stress in one or more critical surface areas to a corre- 
sponding predetermined residual compressive stress 
level for the one or more critical surfaces, and flagging 
each metal component which has its measured residual 
compressive stress below its corresponding predeter- 
mined residual compressive stress level, whereby 
flagged metal components are not placed in service. For 
purposes of this invention, "after its manufacturing" is 
intended to include selected stages during the manufac- 
turing process as well as after completion of the entire 
manufacturing process. Likewise, "placed into service" 
is intended to include continuing beyond a specific man- 
ufacturing stage where measurements are made during 
the manufacturing stage as well as actual placement in 
service after completion of the manufacturing process. 
[0026] These and other objects and advantages of the 
present invention will be apparent from a consideration 
of the present specification and drawing. 

Description of Figures 

[0027] Figure 1 illustrates a typical disk from a jet en- 
gine showing areas of stress concentration in which re- 
sidual compressive stress should be determined. 
[0028] Figure 2 shows a typical plot of residual com- 
pressive stress as a function of service time for turbine 
disks operating under different load and temperature 
conditions. 

Detailed Description of the Invention 

[0029] The invention generally relates to methods for 
managing the service life of fatigue-limited metal com- 
ponents and to methods for managing and extending 
the service life of fatigue-limited metal components. The 
methods of this invention employ a non-destructive 
technique for measuring the remaining useful service 
life of fatigue-limited metal components by determining 
the residual compressive stress in the critical surfaces 



of the individual component. The surface residual com- 
pressive stress can be correlated with the remaining 
service life of the individual component. If the surface 
residual compressive stress has not fallen below a pre- 

5 determined value, the component can be returned to 
service. If the surface residual compressive stress 
reaches or falls below a predetermined value, the com- 
ponent can be permanently removed from service. Or, 
if desired and appropriate, the component can be re- 

w worked to increase the surface residual compressive 
stress to a level above the predetermined value : prefer- 
ably a value approaching the compressive stress of the 
component as originally manufactured, and then re- 
turned to service. 

15 [0030] It is well established that fatigue failures devel- 
op from cracks generated in the surface layer of metal 
components exposed to high stress environments. For 
example, failure normally occurs because of cracks 
forming in areas of stress concentration in such compo- 
se nents. Figure 1 illustrates such a component, specifical- 
ly a disk 10 for use in a gas turbine engine. Failure of 
such a disk is often caused by cracks forming in the sur- 
face layers of areas of high stress concentration such 
as the inside radii or bottom 1 2 of dovetail or firtree slots 

25 14. These dovetail or firtree slots are used for attach- 
ment of the compressor and turbine blades (not shown). 
To reduce the likelihood of crack formation, great care 
is normally taken in the manufacture of such compo- 
nents to ensure that the initial residual stress in the crit- 

30 ical surface layers of the crystalline structure of the met- 
al are in high compression. (The actual value or level of 
the compression is not, however, determined in current 
manufacturing procedures.) For example, turbine disks, 
such as the one illustrated in Figure 1. are generally 

35 manufactured with residual compressive stress in the 
order of about 1172 MPa - 170,000 pounds per square 
inch. During operation in a turbine engine [i.e., condi- 
tions of high load and operating temperatures), the re- 
sidual compressive stress gradually diminishes over 

^0 time as shown in Figure 2. The curves in Figure 2 (la- 
beled 20, 22, 24, 26, and 28) are for different turbine 
disks 10 (/.a, different stages) used in a gas turbine en- 
gine. In such an engine, each disk is subjected to differ- 
ent load and temperature conditions during operation. 

45 Thus, the rate of decrease of the residual compressive 
stress is different for each disk or stage. Once the re- 
sidual compressive stress reaches zero, residual tensile 
stress can build up in these areas. Over time, the resid- 
ual tensile stress can increase to levels in excess of the 

50 ultimate strength of the surface of the material and 
cracks will initiate. Such cracks in a component left in 
service propagate until they reach a critical length, at 
which time catastrophic failure will occur. As seen in Fig- 
ure 2, the plot of residual compressive stress versus cy- 

55 cles is generally linear for a given component. Thus, re- 
sidual compressive stress measurements of a given 
component which fall significantly off that parfs linear 
curve may suggest a significant deviation or problem. 
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For example, once a component departs significantly 
fromthe expected curve, the component may, (or exam- 
\ pie, be moving from its elastic regime and into its plastic 
regime. Such deviations might also result from scatter 
in the original (/.e„ as-manufactured) residual compres- 
sive stress conditions since components with signifi- 
cantly different initial residual compressive stress levels 
might have significantly different linear curves. Whatev- 
er the cause of the departure (even if the residual com- 
pressive stress value has not fallen below the predeter- 
mined value), the part should be examined more care- 
fully and appropriate action taken (i.e., removed from 
service, reworked, or repaired as appropriate). 
[0031] The methods of this invention monitor the re- 
sidual compressive stress in surface areas of stress 
concentration in order to prevent the initial formation of 
cracks in the surface. By removing the component from 
service before the stresses change from compressive 
to tensile in nature or by maintaining the stress in com- 
pression, the present methods allow individual compo- 
nents to be used in a manner in which surface cracks 
are not formed or are, at least, formed at a significantly 
lower rate as compared to current management meth- 
ods. The present methods allow for achievement of the 
maximum service life of components without increased 
failure or safety risks. Moreover, the present methods 
allow for significantly extending the service life of indi- 
vidual components without increased failure or safety 
risks. 

[0032] In practice, for a given type and population of 
metal components, the residual compressive stress in 
the surface layer of the Individual component is meas- 
ured in one or more areas of stress concentration using 
x-ray diffraction techniques. The actual area measured 
is normally in the range of about 6x6 mm by finches) 
to about 25 x 25 mm (1 by 1 inch), although smaller or 
larger areas can be used if desired. Generally it is pre- 
ferred that the x-ray diffraction measurements be taken 
approximately normal to the relevant surface. Generally 
it Is also preferred that the multiple x-ray measurements 
be taken within the relevant surface area so that the 
crystalline structure of that surface area can be better 
probed. The measured value (or values or averaged val- 
ue) is compared to a predetermined value. If the meas- 
ured value is above the predetermined value, the part 
can be returned to service. If however, the measured 
value equals or falls below this predetermined value, the 
component can be treated in several ways. In a first op- 
tion, the component can be permanently removed from 
service. In such cases, it is generally preferred that the 
component be mutilated, or otherwise marked, to pre- 
vent further, unauthorized use. In a second option, the 
component can be reworked to increase its residual 
compressive stress and then returned to service. Nor- 
mally, such a component can be reworked and returned 
to service a fixed number of times or cycles (i.e., until 
other failure mechanisms predominate or the compo- 
nent no longer meets design criterion or specifications). 



The acceptable number of cycles for reworking such 
components will generally be determined on a case-by- 
case basis. For a given component, such as the disk 
shown in Figure 1 , the cycle of service and reworking 
5 can generally be repeated so long as the component 
retains its dimensional and microstructural stability. 
[0033] In some cases when the residual compressive 
stress is above, but close to or approaching, the prede- 
termined value, it may be preferred to rework that part 
io at that time rather than wait for the residual compression 
stress to fall below the predetermined value. For exam- 
ple, if the measured residual compressive stress sug- 
gests that the part has only a relatively short sen/ice life 
remaining before reworking will be required (see, for ex- 
15 ample, curve 22 in Figure 2 at 15,000 hours with a pre- 
determined value of zero pounds per square inch) : it 
may be more economical to rework the part during the 
current scheduled shutdown/teardown event rather that 
put the part back in service and then require an un- 
scheduled teardown to rework it only a short time later. 
Whether this modified approach is appropriate and de- 
sirable in a given case will depend, in larger part, on the 
expected service life before that part will fait below the 
predetermined value. If the expected remaining service 
life is short (thereby necessitating a unscheduled tear- 
down for remeasurement), it may be more economical 
to rework that part even though it has remaining service 
life. In such a case, the predetermined value is effec- 
tively increased for that part only. 
[0034] As one skilled in the art will realize, the prede- 
termined value of the surface residual compressive 
stress for any given population of components will de- 
pend, at least in part, on the surface residual compres- 
sive stress of the components as originally manufac- 
tured, the specific physical and metallurgical character- 
istics of the components, the environment in which the 
components are used, and any appropriate safety fac- 
tors. For populations of different parts, this predeter- 
mined value will likely be different because of different 
designs and/or geometries of the parts and exposure to 
different stresses during use. Populations of the same 
parts, but operated under different conditions and envi- 
ronments, may also have different predetermined val- 
ues. Moreover, for a given component, different areas 
of stress concentration may have different predeter- 
mined values. For example, different areas of metal 
component will normally be exposed to, or will experi- 
ence, different levels of stress and may. therefore, ex- 
perience changes in the compressive stress at different 
rates. In such cases, the area that reaches its predeter- 
mined value first will normally control the disposition of 
that component. It will generally be preferred that the 
initial surface residual compressive stress of the metal 
components be measured or otherwise known before 
they are placed in service, or shortly thereafter. Meas- 
urement of the surface residual compressive stress of 
a component as originally manufactured can help insure 
that only components meeting specifications are used 
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and can provide benchmarks for later measurements of 
remaining surface residual compressive stress. Moreo- 
\ ver, such initial surface residual compressive stress da- 
ta, along with the data generated by the present meth- 
ods, can be used to define or redefine component spec- 
ifications and design criterion as appropriate. Moreover, 
as detailed herein, such initial surface residual compres- 
sive stress measurements can form an integral part of 
a comprehensive quality control program. 
[0035] The predetermined value can be expressed in 
terms of absolute numbers (e.g., a specific value in suit- 
able units for the residual compressive stress) or in rel- 
ative numbers (e.g., a percentage of the remaining com- 
pressive stress of the component as compared to the 
residual compressive stress as originally manufac- 
tured). Moreover, the predetermined value for a given 
population may change overtime as more historical da- 
ta become available. For example, for newly designed 
components, it may be desirable to use a relatively high 
predetermined value to guard against unexpected fail- 
ures for increased safety. As service life data become 
available, however, it may be appropriate to decrease 
the predetermined value if significant safety or failure 
related problems are not found in the population. By 
carefully adjusting the predetermined value for a given 
population of components over time, it should be possi- 
ble to approach the optimum value while maintaining op- 
erational safety. 

[0036] In some cases, a predetermined compressive 
stress value of about zero or 100 percent decrease in 
residual compressive stress (i.e., the point at which 
stress moves from compressive to tensile in nature) may 
be appropriate. The use of zero residual compressive 
stress or 1 00 percent decrease as the management cri- 
terion might, for example, be appropriate to maximize 
the service life of a component where reworking the 
component is not practical or is otherwise not anticipat- 
ed. In most cases, however, a predetermined value of 
a value greater than zero or less than 100 percent de- 
crease will generally be preferred and appropriate 
based on safety considerations. Such higher predeter- 
mined values will be especially preferred where rework- 
ing of the component to restore all or part of the residual 
compressive stress is anticipated. In some cases, how- 
ever, a predetermined value of less than zero or greater 
than 100 percent decrease may be appropriate. 
[0037] As noted above, the residual compressive 
stress is measured non-destructively using convention- 
al x-ray diffraction techniques. Preferably, the residual 
compressive stress is measured using portable x-ray 
diffraction equipment. Examples of such x-ray equip- 
ment and techniques can be found in U.S. Patent 
4,095,103 (June 13, 1978); U.S. Patent 4,561 ,062 (De- 
cember 24, 1985); U.S. Patent 4,686,631 (August 11, 
1987); U.S. Patent 5,125,016 (June 12, 1992); Taira & 
Tanaka, "Residual Stress Near Fatigue Crack Tips," 19 
Transactions of the Iron & Steel Institute of Japan , 
411-18 (1979); Halting & Fritsch, "A Non-destructive 



Method to Determine the Depth-dependence of Three- 
dimensional Residual Stress States by X-ray Diffrac- 
tion," 26 J. Phys. D: Appl. Phys. , 1814-16(1993); Kuhn 
et al., "An X-ray Study of Creep-deformation Induced 

5 Changes of the Lattice Mismatch in y-Hardened Monoc- 
rystalline Nickel-Base Superalloy SRR 99," 39 Acta Met- 
all. Mater. , 2783-94 (1991), all of which are hereby in- 
corporated by reference. Portable x-ray equipment, 
which is generally preferred in the present invention, can 

10 be obtained commercially from, for example, Technolo- 
gy for Energy Corporation (P.O. Box 22996, Lexington 
Drive, Knoxville, Tennessee 37933); or American Stress 
Technologies, Inc. (61 McMurray Road, Pittsburgh, 
Pennsylvania 15241); or Proto Manufacturing Limited 

is (21 75 Solar Crescent, Oldcastle, Ontario, Canada NOR 
1 L0). Other types and designs of x-ray diffraction equip- 
ment or techniques can also be used in the present in- 
vention. 

[0038] Normally such measurements should be 

20 made, at a minimum, during scheduled teardowns and 
other maintenance events. In some cases, however, it 
may be desirable to make such measurements more of- 
ten than regularly scheduled maintenance events, es- 
pecially during the early service life of a population of 

25 newly designed components lacking a extensive service 
life history. Normally, such measurements of the resid- 
ual compressive stress will be made on the individual 
parts during teardowns. For some components, howev- 
er, it may be possible to make the necessary measure- 

30 ments without having to perform complete teardowns. 
As noted above, x-ray diffraction measurements of re- 
sidual compressive stress should be made in areas of 
high stress concentration (e.g., the bottom 12 of the fir- 
tree slots 14 on the disk 10 shown in Figure 1). Gener- 

35 ally, areas of high stress concentration are those areas 
in which crack formation has been observed or is more 
likely to occur. It is not necessary, however, to make 
such measurements in each and every area of high 
stress concentration in a given component, especially 

40 where such areas are operated under similar load and 
temperature conditions. For the disk in Figure 1 , for ex- 
ample, measurements might be taken on the bottom 12 
of the firtree slots 14 located at 0, 90, 180, and 270 de- 
grees, rather than at the bottom of every slot 14. The 

45 individual measurements at these representative loca- 
tions, or an average of the individual measurements, are 
compared to the predetermined value. As the database 
develops, the number and location of measurements for 
a given disk (or other population of components) can be 

so modified as appropriate. 

[0039] Once a component reaches or falls below its 
predetermined value, it can either be removed perma- 
nently from service or reworked to increase its residual 
compressive stress to a level above the predetermined 

55 value and then returned to service. For example, using 
a predetermined value of zero, the disk represented by 
curve 28 in Figure 2 should be removed from service or 
reworked after about 1 0,000 hours of service; the disks 
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represented by curves 24 and 26 should be removed 
from service or reworked after about 15,000 hours; the 
disks represented by curves 20 (especially) and 22 (to 
a lesser extent) have service lives greater than 15,000 
hours. Preferably, the residual compressive stress in 
such reworked components is returned to a level ap- 
proaching the original residual compressive stress as 
manufactured. Reworking such components can be car- 
ried out using conventional procedures for increasing or 
achieving residual compressive stress. Such methods 
include, for example, shot peening and other methods 
of cold working the surface (e.g., hammer peening, laser 
peening, rolling, orbumishing methods). See, forexam- 
ple, Daly, "Status of Controlled Shot-Peeving Technolo- 
gy in the United States," International Conference on 
Impact Treatment Processes (2nd: 1986) in Impact Sur- 
face Treatment (Meguid, Ed.), 237-41; Delitizia. "Im- 
proving Fatigue Life Through Advanced Shot Peening 
Techniques," 92 Manufacturing Engineering, 85-87 
(1984). Of course, such reworking must be carried out 
before any permanent deterioration occurs from resid- 
ual stress cracking. Thus, where such reworking is an- 
ticipated, the predetermined value used as the manage- 
ment criterion preferably is higher (i.e., a higher prede- 
termined value of residual compressive stress) than in 
cases where reworking is not anticipated. By setting the 
management criterion higher in such cases, one moves 
further away from the condition where crack formation, 
which may not even be detectable, may occur, thereby 
providing an increased margin of safety. It is generally 
preferred that reworking increases the residual com- 
pressive stress to at least 50 percent of the residual 
compressive stress in the part as originally manufac- 
tured. More preferably, the rework level for the residual 
compressive stress is at least 80 percent of the value 
as originally manufactured. Even more preferably, the 
reworked level is comparable to the value as originally 
manufactured. 

[0040] The methods of this invention generally allow 
one to maximize the service life of a metal component 
by providing a procedure to determine when to optimally 
rework the metal component to restore all or part of the 
residual compressive stress. Excessive reworking can 
actually decrease the service life since reworking tech- 
niques such as shot peening can increase the dimen- 
sion of the metal part in the reworked area. Thus : the 
likelihood of a metal component moving out of its design 
specification increases as a function of the number of 
times it is reworked. The present invention provides pro- 
cedures whereby the maximum service life can be ob- 
tained with the minimum number of reworkings. Of 
course, the effect of reworking on dimensional stability 
should betaken into account when establishing the ap- 
propriate predetermined value for a given component. 
[0041 ] The present methods for management of pop- 
ulation of metal components provide considerable im- 
provement over management methods currently in use. 
Both the "safe life" and "fail safe" methods rely on ex- 



pected service life based on either predicted values or 
statistical values of crack formation in the weakest com- 
ponent in the population. In these methods, service life 
is not evaluated for individual components. Thus, the 

5 vast majority of components are retired while still pos- 
sessing useful and significant service life. The "retire- 
ment for cause" approach relies on the observation of 
actual crack formation in a given component. Once 
crack formation is observed, that component is removed 

10 from service. Unfortunately, once crack formation can 
be observed, the component cannot be rehabilitated or 
reworked for additional service life. Additionally, at least 
in some cases, waiting for actual crack formation as a 
management criterion can result in significant safety 

15 risks. The methods of the present invention provide im- 
proved management procedures by providing manage- 
ment criteria {i.e., residual compressive stresses com- 
pared to predetermined values) which are observable 
well before irreversible crack initiation or formation oc- 

20 curs. Using the methods of the present invention, the 
maximum service life of such components can be ob- 
tained in a safe and effective manner. Using the meth- 
ods of the present invention, at least some components 
can be reworked to increase the residual compressive 

25 stress and placed back in service, thereby providing in- 
creased efficiency without compromising safety. In fact, 
the methods of the present invention are expected to 
achieve improved efficiency and improved safety as 
compared to the management methods currently in use 

30 since the management criterion is based on surface re- 
sidual compressive stresses rather than on actual or ex- 
pected crack formation. By using surface residual com- 
pressive stress as the management criterion, rather 
than actual or expected' crack formation, the margin of 

35 safety is expected to be increased, perhaps significant- 
ly. 

[0042] The methods of the present invention are ide- 
ally suited for augmenting computer tracking of metal 
components during their service life. Moreover, the data 

40 generated from the present methods (i.e., residual com- 
pressive stress) and data regarding the service life and 
history of individual components can be used to develop 
a management database for the metal components. As 
the historical basis of such a database grows, it will be 

45 possible to reliably predict the service life of a given part. 
Thus, once such a database is developed, one will not 
need to measure the compressive stress of each and 
every component during each teardown or other main- 
tenance event. If the total service life or history of the 

so component is sufficiently short (as determined from the 
historical data in the database), measurement of the 
compressive stress can be delayed. Only such compo- 
nents having a service life or history approaching some 
definable parameter (again as determined from the his- 

55 torical data in the database) will be required to have the 
actual compressive stress measured and compared to 
the predetermined value. For example, for a given com- 
ponent, the database might show that only components 
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having a service live in excess of 10,000 hours ever 
have residual compressive stresses approaching or be- 
low the predetermined value. In such a case, only com- 
ponents with service lives greater than this value will 
need to have the residual compressive stress measured 
during a routine teardown. Of course, components with 
abnormalities or components subjected to extreme 
service events should be evaluated regardless of the cu- 
mulated service life. Moreover, it may still be prudent to 
at least perform some spot checks on components with 
shorter service lives in order to confirm the continuing 
validity of the database and its predictive ability. By 
avoiding actual measurements forcomponents very un- 
likely to have residual compressive stress values lower 
than the predetermined value, considerable savings can 
be obtained. Of course, the method used to predict this 
likelihood must be proven over time to be both effective 
and safe. 

[0043] The present methods are not, however, intend- 
ed to replace all non-destructive testing of such metal 
components. As those skilled in the art will realize, the 
present methods are designed to manage failures and 
defects related to crack initiation mechanisms common- 
ly associated with the residual compressive stress and 
residual tensile stress levels in the surface layers. Other 
non-destructive testing methods for identifying other 
types of failures and/or failure mechanisms, especially 
early in the service life of such components {i.e., during 
the so-called "infant mortality" period), should be con- 
tinued as appropriate. Incorporation of such data from 
other non-destructive testing procedures in the man- 
agement database discussed above may allow even 
more complete tracking and management of popula- 
tions of such metal components. 
[0044] Additionally, using the methods of this inven- 
tion, components of approximately equal remaining 
service life {i.e., approximately equal residual compres- 
sive stress) can be used together. Normally, the fre- 
quency of such teardowns in individual engines will be 
controlled by the component having the shortest re- 
maining service life. By avoiding use of components of 
widely varying remaining service life, early teardown of 
engines, necessitated by a single component with only 
a short remaining service life, can be avoided. By match- 
ing components with similar remaining service lives in 
a given engine, the frequency of teardowns over the en- 
tire population can be reduced, 
[0045] In another embodiment of this invention, the 
general techniques discussed above for measuring sur- 
face residual compressive stress can also be used to 
assist and guide the design and development of im- 
proved fatigue-limited metal components. Using this 
method, the surface residual compressive stresses pro- 
duced by the various steps in the manufacturing process 
can be incorporated into, and taken into account in, the 
overall stress analysis. Effects of modification of the part 
design {e.g., reduction in weight) throughout the manu- 
facturing and/or design/development process can be 



determined and used as a guide for further modifica- 
tions. Using such an iterative approach, reduced-weight 
fatigue-limited metal parts can be designed having suf- 
ficient residual compressive stresses (i.e., sufficient 

5 service lifetimes) for their intended use. Thus, the com- 
ponent design can be fine tuned to reduce component 
weight without significant reduction (or at least reduction 
to known and acceptable levels) in service lifetimes. The 
service lifetime and weight characteristics can be bal- 

io anced to achieve optimum or near optimum perform- 
ance criterion. For military aircraft, such optimum or 
near optimum performance criterion may, for example, 
be related to a reduction in weight to improved thrust to 
weight ratios. For commercial aircraft, such optimum or 

'5 near optimum performance criteria may, for example, be 
related to improved safety margins and/or increased en- 
gine performance. Of course, if desired, other appropri- 
ate performance criteria may be used to assist in de- 
signing fatigue-limited metal components using the 

20 methods of this invention. 

[0046] Historically the design procedure for critical fa- 
tigue-limited metal components such as disks or other 
critical aircraft engine components has been the con- 
servative "safe life" approach. This safe life design ap- 

25 proacfv like the corresponding safe life technique for 
managing a population of fatigue-limited parts, is gen- 
erally based on manufacturer's estimated fatigue life es- 
tablished through analysis, testing, and comparable ex- 
perience by the part manufacturer. This approach at- 

30 tempts to estimate the point, allowing for a suitable safe- 
ty margin, at which the shortest lived part is expected to 
fail. The stress calculations used in this design approach 
are primarily based on applied stress. 
[0047] The present method uses the measurement of 

35 the surface residual compressive stress during the man- 
ufacturing process as an important component of the 
design approach. The residual compressive stress is 
measured using x-ray diffraction periodically throughout 
the development and/or design process to assess the 

40 effects of various manufacturing operations or proce- 
dures used in making the component on the residual 
compressive stress in the critical surface areas of the 
component. The use of this method in the manufacture 
and/or design of new fatigue-limited parts will allow 

45 quantification of the surface residual compressive 
stress condition at each step in the manufacturing proc- 
ess; in addition, it will be possible to determine the pos- 
itive or negative impact on the surface residual com- 
pressive stress condition as a result of each operation 

50 and, if appropriate, adjust or modify the operation or op- 
erations so as to provide the desired level of surface 
residual compressive stress in the finished metal part. 
By measuring or remeasuring the surface residual com- 
pressive stress after various machining operations, the 

55 design or development of the part may by guided where- 
by a preselected design or performance criterion (or 
several criteria) can be improved, and perhaps opti- 
mized, while still maintaining an adequate service life. 
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Thus, this method can be used to set residual compres- 
sive stress part requirements and fine-tune component 
design to provide an optimized or near optimized per- 
formance criterion and service life. For example, this 
method could be used to fine tune component design to 
reduce the weight of specific aircraft engine parts while 
maintaining significant (and known) service life. A re- 
duction in weight would, for example, benefit thrust to 
weight ratio in military aircraft applications and increase 
commercial aircraft engine performance. Acceptable 
surface residual compressive stress levels determined 
during the design process can, if desired, be included 
in component specifications and/or drawings and can 
be used during actual manufacturing processes. Such 
designed components could be managed using the oth- 
er embodiments of this invention as described above. 
Balancing of one or more preselected performance cri- 
teria and service life to improve overall performance will 
be possible using the method of this invention. 
[0048] In operation, the manufacturing and/or design/ 
development method of this invention is carried out by 
first measuring the residual compressive stress, prefer- 
ably using x-ray diffraction techniques, in one or more 
critical areas of a prototype or partially designed metal 
part. The prototype is then modified (i.e., machined or 
worked) using the difference between measured resid- 
ual compressive stress and the predetermined residual 
compressive stress design level as a guide to improve 
the a selected performance criterion. The predeter- 
mined design level may be the residual compressive 
stress desired in the final metal part or an intermediate 
level or intermediate levels based on the entire manu- 
facturing process. After modifying the part, the residual 
compressive stress is remeasured and compared to the 
predetermined design level to gauge the effect of the 
modification. Of course, as one skilled in the art realizes, 
this comparison of the remeasured residual compres- 
sive stress could also, if desired, be made to the previ- 
ously measured residual compressive stress with simi- 
lar results. The comparison allows the effect of each 
manufacturing process or stage on the residual com- 
pressive stress history to be determined. This process 
is repeated for one or more critical surface areas until 
an acceptable and functional metal part is obtained 
which has its selected performance criterion (or per- 
formance criteria) improved and has sufficient residual 
compressive stress values (and, therefore, acceptable 
service life) for its intended use. 
[0049] Service life can refer to a total service life over 
the entire life of the part or, in the case where the part 
is reworked, the individual lifetimes between reworkings 
or the sum of all individual lifetimes between reworkings. 
The level of acceptable service life will, of course, vary 
for different parts. For example, a part which can be re- 
worked easily for a significant number of times can gen- 
erally have its selected performance criterion improved 
by accepting more frequent teardowns and reworkings. 
For a part which cannot be reworked or which cannot 



be reworked easily, it will generally be preferred that the 
service life (especially between reworkings) be kept rel- 
atively long. In any event, the improvement in the se- 
lected performance criterion and the length of service 
5 life (both total and/or between reworkings) can be bal- 
anced and adjusted to optimum or near optimum levels 
for that metal part and its intended use and/or service 
environment 

[0050] In still another embodiment of this invention, 
10 the general techniques discussed above for measuring 
surface residual compressive stress can also be used 
to provide a quality control program or mechanism for 
the manufacture of fatigue-limited metal components. 
Using this embodiment, the residual compressive stress 
is in one or more critical surfaces areas is measured after 
the component has been manufactured but before it is 
placed in service. If the residual compressive stress in 
one or more critical areas is below a corresponding pre- 
determined residual compressive stress value for the 
20 one or more critical areas, the component is flagged or 
otherwise marked for further attention. If the residual 
compressive stress levels for the component are within 
acceptable ranges (i.e., for each of the one or more crit- 
ical surface areas, the measured residual compressive 
25 stress is equal to or greater than the corresponding pre- 
determined residual compressive stress value), then the 
component can be placed into service (assuming, of 
course, it meets other appropriate quality control re- 
quirements). The present quality control method is gen- 
30 erally not intended to replace all existing quality control 
requirements; rather, it preferably supplements and 
strengthens the existing quality control program for fa- 
tigue-limited components. As one of ordinary skill in the 
art will realize, the predetermined residual compressive 
35 values for each of the more than one critical surface ar- 
eas may be the same or different for other surface areas, 
depending on the actual geometry of the component 
and the different service conditions the various surfaces 
will be exposed to during use. 
40 [0051] Of course, as one skilled in the art will realize, 
the present quality control procedure can be used during 
the manufacturing process as well as for the completed 
component. In other words, the measured surface re- 
sidua) compressive stress measurements for the par- 
45 tially completed component during one or more stages 
of the manufacturing process can be used to gauge or 
test the process up to that point before moving on in the 
manufacturing process. It is especially preferred that 
this quality control procedure be used to measure and 
50 control the effect of working the component to increase 
or modify the surface residual compressive stress. 
Thus, this quality control process is especially useful 
and preferred for quality control of the shot peening (or 
other working or reworking technique) step in the man- 
55 ufacturing process. 

[0052] Flagged components (i.e., components having 
lower than acceptable residual compressive stress lev- 
els) are not placed into service as manufactured (or, if 
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during the manufacturing process, are not moved to the 
nextstep). Such flagged components can be, if appro- 
priate, destroyed or otherwise mutilated to prevent un- 
authorized use (or continuation of the manufacturing 
process for that component). Or in appropriate cases, 
the flagged metal components are reworked to increase 
the residual compressive stress in the one or more crit- 
ical surface areas to levels above the corresponding 
predetermined residual compressive stress. 
[0053] , Assuming such reworked metal components 
then meets the surface residual compressive stress and 
other requirements, the reworked metal components 
can be placed in service (or the manufacturing process 
continued with the partially completed and reworked 
components). Flagged metal components which are es- 
pecially suitable for reworking include metal compo- 
nents which only fail to meet the surface residual com- 
pressive stress requirements (i.e., all other quality con- 
trol requirements are within specification). Appropriate 
reworking and/or modification of the component can, of 
course, be used to bring other quality control require- 
ments within specification. Preferably, after reworking, 
all quality control parameters, including surface residual 
compressive stress levels, are remeasured to insure 
that the part has obtained, or remains within, the rele- 
vant specifications. Preferably, specific surface residual 
compressive stress levels, ranges, or targets are includ- 
ed in the detailed component specification and also di- 
rectly on the relevant drawings. Data from measured 
surface residual compressive stress values during the 
manufacturing process and during later management of 
the population of parts (identifiable to specific compo- 
nent serial numbers or other identifiers) could be espe- 
cially useful in failure analysis and statistical analysis of 
component populations. 

[0054] The decision to rework a particular component 
can be informed by a number of factors, including the 
amount the measured residual compressive stress lev- 
els fall below the acceptable values for the one or more 
critical surface areas and/or, if appropriate, the stage in 
the manufacturing process at which the residual com- 
pressive stress levels fall below the acceptable values 
for one or more critical surface areas. If the component 
is only slightly out of specification, it is more likely that 
reworking will be cost effective. For components which 
are far out of specification, it may be more cost effective 
to simply destroy the part (especially if the amount of 
reworking necessary to bring the part within the surface 
residual compressive stress requirements is such that 
other quality control requirements cannot be achieved 
or maintained). Where surface residual compressive 
stress is measured at different stages of the manufac- 
turing process, there will likely be stages at which failure 
to meet the corresponding specification may be more 
critical or which it will be more difficult to obtain a satis- 
factory result with reworking. Determining whether re- 
working is feasible and/or appropriate will preferably be ; 
at least initially, on a case by case basis. Once signifi- 



cant historical data have been generated, a more sta- 
tistical determination or analysis can likely be used (both 
where measurement are taken during various stages of 
the manufacturing process and/or at the end of the man- 

5 ufacturing process). 

[0055] The quality control method of this invention of- 
fers a number of significant advantages over currently 
conducted manufacturing procedures for fatigue-limited 
components. First of all, it involves the direct measure- 

10 ment and tracking of an important fatigue-failure related 
parameter -- the surface residual compressive stress. 
Historically, quality control procedures have not includ- 
ed the measurement of compressive stresses; rather, 
they have relied upon other "predicative" parameters 

is which may not have been as directly related to, or as 
predictive in regard to, fatigue failure as desirable. More- 
over, such earlier quality control procedures were likely 
to result in components having considerable scatter or 
ranges for the surface residual compressive stress lev- 

20 els over the range of the population (even assuming all 
residual compressive stress levels were above accept- 
able limits); moreover, the actual surface residual com- 
pressive stress values for the components are generally 
not even known. By not knowing the initial surface re- 

25 sidual compressive stress levels (i.e., relying only on 
other predictive parameters), the ultimate user might 
place components into use which would fail much soon- 
er than predicted by the prevalent management proce- 
dures. 

30 [0056] Also in the earlier quality control procedures, 
it was not possible to match components (i.e., compo- 
nents with similar predictive service lifetime) in order to 
minimize teardown schedules and expenses. Such 
problems can be avoided to a large extent using the 
35 methods of this invention. For example, parts having 
similar predicted service lifetimes can be matched in a 
given jet engine. Teardowns, inspections, and regularly 
scheduled maintenance procedures can be tailored for 
the composite predictive lifetimes. Thus, where compo- 
se? nents are matched with relatively short predictive life- 
times (but still of acceptable lengths), appropriate in- 
spections can be scheduled at a shorter time interval as 
compared to matched parts having a longer predicted 
lifetime. In this manner, the overall cost, safety, and re- 
45 liability can be better maximized. In addition, the use of 
surface residual compressive stresses as a quality con- 
trol parameter is also expected to reduce the number of 
component failures during the so-called "Infant mortali- 
ty" period. 

so [0057] The management, design, and quality control 
methods of this invention can also be used in conjunc- 
tion with other management, design, and quality control 
method and/or techniques normally used with fatigue- 
limited metal components. For example, the present de- 

55 sign method can be used with conventional finite ele- 
ment analysis design techniques. Such finite element 
analysis is generally used to calculate or determine the' 
perceived high stress areas of a given component. By 
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including the residual compressive stress levels into to- 
tal stress considerations, the present methods can be 
used, for example, to fine tune the results of the finite 
element analysis and make it a more realistic and useful 
tool. As those skilled in the art will realize, the present 
methods can be used in conjunction with other manage- 
ment, design, and quality control techniques to improve 
those techniques and, overall, provide even better safe- 
ty and economy in the use of such fatigue-limited com- 
ponents. 



Claims 

1 . A method for designing a fatigue-limited metal part 
whereby a selected performance criterion for the 
metal part is improved while maintaining sufficient 
residual compressive stress to achieve an accept- 
able service life for the metal part, said method com- 
prising: 

(1) providing a prototype of the metal part; 

(2) measuring the residual compressive stress 
. in one or more critical surface areas of the pro- 
totype during the course of design of the metal 
part; 

(3) comparing the measured residual compres- 
sive stress with a predetermined residual com- 
pressive stress design level to find a difference 
therebetween; 

(4) modifying the prototype to improve the se- 
lected performance criterion, the modifications 
being selected in dependence upon the said 
difference; 

(5) remeasuring the residual compressive 
stress in the one or more critical surface areas 
of the modified prototype to determine the re- 
measured residual compressive stress design 
level in order to gauge the effect of the modifi- 
cation; and 

(6) repeating steps (2) through (5) for the one 
or more critical surface areas until an accepta- 
ble and functional metal part is obtained, 
wherein the acceptable and functional metal 
part has its selected performance criterion im- 
proved and has sufficient residual compressive 
stress in the one or more critical surface areas 
for its intended use. 

2. A method as defined in claim 1 , wherein the residual 
compressive stress and the remeasured residual 
compressive stress are measured using x-ray dif- 
fraction techniques. 

3. A method as defined in. claim 1 , wherein the metal 
part is a rotating part used in a gas turbine or jet 
engine. 



4. A method as defined in claim 2, wherein the metal 
part is a rotating part used in a gas turbine or jet 
engine. 

A method as defined in claim 3, wherein the metal 
parts is a disk or a drum rotor 

A method as defined in claim 4, wherein the metal 
part is a disk or a drum rotor. 

A method as defined in claim 1 , wherein the select- 
ed performance criterion is a reduction in weight of 
the metal part. 

A method as defined in claim 3, wherein the select- 
ed performance criterion is a reduction in weight of 
the metal part. 

A method as defined in claim 4, wherein the select- 
ed performance criterion is a reduction in weight of 
the metal part. 

A method for designing a fatigue-limited metal part 
whereby the weight of the metal part is reduced 
while maintaining sufficient residual compressive 
stress to achieve an acceptable service life for the 
metal part, said method comprising: 

(1) providing a prototype of the metal part; 

(2) measuring the residual compressive stress 
in one or more critical surface areas of the pro- 
totype during the course of the design of the 
metal part; 

(3) modifying the prototype using the difference 
between the measured residual compressive 
stress and a predetermined residual compres- 
sive stress design level as a guide; 

(4) remeasuring the residual compressive 
stress in the one or more critical surface areas 
of the modified prototype to determine the re- 
measured residual compressive stress in com- 
parison to the predetermined residual com- 
pressive stress design level in order to gauge 
the effect of the modification; and 

(5) repeating steps (2) through (4) for the one 
or more critical surface areas until an accepta- 
ble and functional metal part is obtained having 
reduced weight and sufficient residual com- 
pressive stress in the one or more critical sur- 
face areas for its intended use. 

1 1 . A method as defined in claim 1 0, wherein the resid- 
ual compressive stress and the remeasured resid- 
ual compressive stress are measured using x-ray 

55 diffraction techniques. 

12. A method as defined in claim 10, wherein the metal 
part is a rotating part used in a gas turbine or jet 
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engine. 

13. A method as defined in claim 11 , wherein the metal 
part is a rotating part used in a gas turbine or jet 
engine. 

14. A method as defined in claim 12, wherein the metal 
part is a disk or a drum rotor. 

1 5. A method as defined in claim 1 3, wherein the metal 
part is a disk or a drum rotor. 

16. A method for designing a fatigue-limited metal part 
whereby the weight of the metal part is minimized 
while maintaining sufficient residual compressive 
stress to achieve an acceptable service life and 
safety factor for the metal part, said method com- 
prising: 

(1) providing a prototype of the metal part; 

(2) measuring the residual compressive stress 
in one or more critical surface areas of the pro- 
totype during the course of the design of the 
metal part; 

(3) modifying the prototype by reducing its 
weight using the difference between the meas- 
ured residual compressive stress and a prede- 
termined residual compressive stress design 
level as a guide; 

(4) remeasuring the residual compressive 
stress in the one or more critical surface areas 
of the modified prototype to determine the re- 
measured residual compressive stress in com- 
parison to the predetermined residual com- 
pressive stress design level in order to gauge 
the effect of the modification; and 

(5) repeating steps (2) through (4) for the one 
or more critical surface areas until an accepta- 
ble and functional metal part is obtained having 
minimal weight and sufficient residual com- 
pressive stress in the one or more critical sur- 
face areas to achieve an acceptable service life 
and safety factor for the metal part. 

17. A method as defined in claim 1 6, wherein the resid- 
ual compressive stress and the remeasured resid- 
ual compressive stress are measured using x-ray 
diffraction techniques. 

18. A method as defined in claim 1 6, wherein the metal 
part is a rotating part used in a gas turbine or jet 
engine. 

19. A method as defined in claim 1 7, wherein the metal 
part is a rotating part used in a gas turbine or jet 
engine. 

20. A method as defined in claim 1 8, wherein the metal 



part is a disk or a drum rotor. 

21 . A method as defined in claim 1 9, wherein the metal 
part is a disk or a drum rotor. 

5 

22. A quality control method for the manufacture of fa- 
tigue-limited metal components, said method com- 
prising measuring the residual compressive stress 
in one or more critical surface areas for each metal 

io component after its manufacture and before placing 
it into service, comparing the measured residual 
compressive stress in one or more critical surface 
areas to a corresponding predetermined residual 
compressive stress level for the one or more critical 

is surfaces, and flagging each metal component 
which has its measured residual compressive 
stress below its corresponding predetermined re- 
sidual compressive stress level, whereby flagged 
metal components are not placed in service. 

20 

23. A quality control method as defined in claim 22, 
wherein the flagged metal components are de- 
stroyed or otherwise mutilated to prevent unauthor- 
ized use. 

25 

24. A quality control method as defined in claim 22, 
wherein the flagged metal components are re- 
worked to increase the residual compressive stress 
in the one or more critical surface areas to levels 

30 above the corresponding predetermined residual 
compressive stress,, whereby the reworked metal 
components can be placed in service. 

25. A quality control method as defined in claim 22, 
35 wherein the residual compressive stress in one or 

more critical surface areas for each metal compo- 
nent is determined using x-ray diffraction tech- 
niques. 

40 26. A quality control method as defined in claim 23, 
wherein the residual compressive stress in one or 
more critical surface areas for each metal compo- 
nent is determined using x-ray diffraction tech- 
niques. 

45 

27. A quality control method as defined in claim 24, 
wherein the residual compressive stress in one or 
more critical surface areas for each metal compo- 
nent is determined using x-ray diffraction tech- 
50 niques. 

Patentanspriiche 

55 1. Verfahren zum Konstruieren eines durch Ermudung 
begrenzten Metallteils, bei welchem ein ausge- 
wahlter Leistungsindex fur das Metallteil verbessert 
wird, wahrend eine ausreichende Rest-Druckbean- 
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spruchung beibehalten wird, um eine akzeptierbare 
Betriebslebensdauer fur das Metallteil zu erzielen, 
wobei das Verfahren umfaBt: 

(1) Bereitstellung eines Prototyps des Metall- s 
teils; 

(2) Messen der Rest-Druckbeanspruchung in 
einem Oder mehreren kritischen Oberflachen- 
bereichen des Prototyps irn Verlauf der Kon- 10 
struktion des Metallteils; 

(3) Vergleichen der gemessenen Rest-Druck- 
beanspruchung mit einem vorbestimmten Kon- 
struktionsniveau fur die Rest-Druckbeanspru- 15 
chung, um eine Differenz dazwischen zu ermit- 
teln; 

(4) Modifizieren des Prototyps zur Verbesse- 
rung des ausgewahiten Leistungsindex, wobei 20 
die Modifikationen in Abhangigkeitvon der Dif- 
ferenz ausgewahlt werden; 

(5) erneute Messung der Rest-Druckbeanspru- 
chung in dem einen Oder den mehreren kriti- 25 
schen Oberflachenbereichen des modifizierten 
Prototyps, um das erneut gemessene Kon- 
struktionsniveau fur die Rest-Druckbeanspru- 
chung zu bestimmen, um die Auswirkung der 
Modifikation zu beurteilen; und 30 

(6) Wiederholung der Schritte (2) bis (5) fur den 
einen bzw. die mehreren kritischen Oberfla- 
chenbereiche : bis ein akzeptierbares und funk- 
tioneltes Metallteil erhalten wird, wobei bei dem 35 
akzeptierbaren und funktionellen Metallteil 
dessen ausgewahlter Leistungsindex verbes- 
sert ist, und es eine ausreichende Rest-Druck- 
beanspruchung in dem einen oderden mehre- 
ren kritischen Oberflachenbereichen fur seine *o 
gewiinschte Verwendung aufweist. 

Verfahren nach Anspruch 1 , bei welchem die Rest- 
Druckbeanspruchung und die erneut gemessene 
Rest-Druckbeanspruchung unter Verwendung von 45 
Rontgenstrahlbeugungsverfahren gemessen wer- 
den. 

Verfahren nach Anspruch 1, bei welchem das Me- 
tallteil ein sich drehendes Teil ist, das in einer Gas- so 
turbine oder einem Dusentriebwerkverwendetwird. 

Verfahren nach Anspruch 2, bei welchem das Me- 
tallteil ein sich drehendes Teil ist, das in einer Gas- 
turbine oder einem Dusentriebwerkverwendetwird. 55 

Verfahren nach Anspruch 3, bei welchem das Me- 
tallteil ein Scheiben- oder Trommelrotor ist. 



6. Verfahren nach Anspruch 4, bei welchem das Me- 
tallteil ein Scheiben- oder Trommelrotor ist. 

7. Verfahren nach Anspruch 1 , bei welchem der aus- 
gewahlte Leistungsindex eine Gewichtsverringe- 
rung des Metallteils ist. 

8. Verfahren nach Anspruch 3, bei welchem der aus- 
gewahlte Leistungsindex eine Gewichtsverringe- 
rung des Metallteils ist. 

9. Verfahren nach Anspruch 4, bei welchem der aus- 
gewahlte Leistungsindex eine Gewichtsverringe- 
rung des Metallteils ist. 

10. Verfahren zum Konstruieren eines durch Ermudung 
begrenzten Metallteils, durch welches das Gewicht 
des Metallteils verringert wird, wahrend eine aus- 
reichende Rest-Druckbeanspruchung beibehalten 
wird, um eine akzeptierbare Betriebslebensdauer 
fur das Metallteil zu erzielen, wobei das Verfahren 
umfaBt: 

(1) Bereitsteflung eines Prototyps des Metall- 
teils; 

(2) Messung der Rest-Druckbeanspruchung in 
einem oder mehreren kritischen Oberflachen- 
bereichen des Prototyps im Verlauf der Kon- 
struktion des Metallteils; 

(3) Modifizieren des Prototyps unter Verwen- 
dung der Differenz zwischen der gemessenen 
Rest-Druckbeanspruchung und einem vorbe- 
stimmten Konstruktionsniveau fur die Rest- 
Druckbeanspruchung als Anleitung; 

(4) erneutes Messen der Rest-Druckbeanspru- 
chung in dem einen oder den mehreren kriti- 
schen Oberflachenbereichen des modifizierten 
Prototyps, um die erneut gemessene Rest- 
Druckbeanspruchung im Vergleich zu dem vor- 
bestimmten Konstruktionsniveau fur die Rest- 
Druckbeanspruchung zu bestimmen, um die 
Auswirkung der Modifikation zu beurteilen; und 

(5) Wiederholung der Schritte (2) bis (4) fur den 
einen oder die mehreren kritischen Oberfla- 
chenbereiche, bis ein akzeptierbares und funk- 
tionelles Metallteil erhalten wird, das ein verrin- 
gertes Gewicht und eine ausreichende Rest- 
Druckbeanspruchung in dem einen oder den 
mehreren kritischen Oberflachenbereichen fur 
seine gewiinschte Verwendung aufweist. 

11. Verfahren nach Anspruch 10, bei welchem die 
Rest-Druckbeanspruchung und die erneut gemes- 
sene Rest-Druckbeanspruchung unter Verwen- 
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dung von Rontgenstrahlbeugungsverfahren ge- 
messen werden. 

12. Verfahren nach Anspaich 10, beiwelchem das Me- 
tallteil ein sich drehendes Teil ist, das in einer Gas- 
turbine Oder einem Dusentriebwerk eingesetzt wird. 

13. Verfahren nach Anspruch 11 , bei welchem das Me- 
tallteil ein sich drehendes Teil ist, das in einer Gas- 
turbine oder einem Dusentriebwerk eingesetzt wird. 

14. Verfahren nach Anspruch 12, bei welchem das Me- 
tallteil ein Scheiben- oder Trommelrotor ist. 

15. Verfahren nach Anspruch 13, bei welchem das Me- 
tallteil ein Scheiben- oder Trommelrotor ist. 

16. Verfahren zum Konstruieren eines durch Ermudung 
begrenzten Metallteils, durch welches das Gewicht 
des Metallteils minimiert wird, wahrend eine ausrei- 
chende Rest-Druckbeanspruchung beibehalten 
wird, um eine akzeptierbare Betriebslebensdauer 
und einen akzeptierbaren Sicherheitsfaktorfur das 
Metallteil zu erzielen, wobei das Verfahren umfaBt: 

(1) Bereitstellung eines Prototyps des Metall- 
teils; 

(2) Messung der Rest-Druckbeanspruchung in 
einem oder mehreren kritischen Oberflachen- 
bereichen des Prototyps im Verlauf der Kon- 
struktion des Metallteils; 

(3) Modifizieren des Prototyps durch Verringe- 
rung seines Gewichts unter Verwendung der 
Differenz zwischen der gemessenen Rest- 
Druckbeanspruchung und einem vorbestimm- 
ten Konstruktionsniveau fur die Rest-Druckbe- 
anspruchung als Anleitung; 

(4) erneute Messung der Rest-Druckbeanspru- 
chung in dem einen oder den mehreren kriti- 
schen Oberflachenbereichen des modifizierten 
Prototyps, um die erneut gemessene Rest- 
Druckbeanspruchung im Vergleich zu dem vor- 
bestimmten Konstruktionsniveau fiir die Rest- 
Druckbeanspruchung zu bestimmen, um die 
Auswirkung der Modifikation zu beurteilen; und 

(5) Wiederholung der Schritte (2) bis (4) fur den 
einen oder die mehreren kritischen Oberfla- 
chenbereiche, bis ein akzeptierbares und funk- 
tionelles Metallteil erhalten wird, das ein mini- 

. males Gewicht und eine ausreichende Rest- 
Druckbeanspruchung in dem einen oder den 
mehreren kritischen Oberflachenbereichen 
aufweist, um eine akzeptierbare Betriebsle- 
bensdauer und einen akzeptierbaren Sicher- 



heitsfaktor fur das Metallteil zu erzielen. 

17. Verfahren nach Anspruch 16, bei welchem die 
Rest-Druckbeanspruchung und die erneut gemes- 

s sene Rest-Druckbeanspruchung unter Verwen- 
dung von Rontgenstrahlbeugungsverfahren ge- 
messen werden. 

18. Verfahren nach Anspruch 16, bei welchem das Me- 
w tallteil ein sich drehendes Teil ist, das in einer Gas- 
turbine oder einem Dusentriebwerk verwendet wird. 

19. Verfahren nach Anspruch 17, bei welchem das Me- 
tallteil ein sich drehendes Teil ist, das in einer Gas- 
's turbine oder einem Dusentriebwerk eingesetzt wird. 

20. Verfahren nach Anspruch 1 8, bei welchem das Me- 
tallteil ein Scheiben- oder Trommelrotor ist. 

20 21 . Verfahren nach Anspruch 1 9 , bei welchem das Me- 
tallteil ein Scheiben- oder Trommelrotor ist. 

22. Qualitatskontrollverfahren zur Herstellung von 
durch Ermudung begrenzten Bauteilen aus Metall, 

25 wobei das Verfahren die Messung der Rest-Druck- 
beanspruchung in einem oder mehreren kritischen 
Oberflachenbereichen fur jedes Bauteil aus Metall 
umfaBt, nach dessen Herstellung und vor dessen 
Indienststellung, Vergleichen der gemessenen 

30 Rest-Druckbeanspruchung in dem einen oder den 
mehreren kritischen Oberflachenbereichen mit ei- 
nem entsprechenden vorbestimmten Niveau fur die 
Rest-Druckbeanspruchung fiir den einen oder die 
mehreren kritischen Oberflachen, und Markieren 

35 jedes Bauteils aus Metall, bei dem die gemessene 
Rest-Druckbeanspruchung unterhalb seines ent- 
sprechenden vorbestimmten Niveaus fiir die Rest- 
Druckbeanspruchung liegt, wodurch markierte 
Bauteile aus Metall nicht in Dienst gestellt werden. 

40 

23. Qualitatskontrollverfahren nach Anspruch 22, bei 
welchem die markierten Bauteile aus Metall zerstort 
oder auf andere Weise beschadigt werden, um eine 
nichtautorisierte Verwendung zu verhindern. 

45 

24. Qualitatskontrollverfahren nach Anspruch 22, bei 
welchem die markierten BauteWe aus Metall uber- 
holt werden, und die Rest-Druckbeanspruchung in 
dem einen oder den mehreren kritischen Oberfla- 

50 chenbereichen auf Niveaus oberhalb der entspre- 
chenden vorbestimmten Rest-Druckbeanspru- 
chung zu erhohen, wodurch die uberholten Bauteile 
aus Metall in Dienst gestellt werden konnen. 

55 25. Qualitatskontrollverfahren nach Anspruch 22, bei 
welchem die Rest-Druckbeanspruchung in einem 
oder mehreren kritischen Oberflachenbereichen fiir. 
jedes Bauteil aus Metall unter Verwendung von 
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Rontgenstrahlbeugungsverfahren bestimmt wird. 

26. Qualitatskontrollverfahren nach Anspruch 23, bei 
welchem die Rest-Druckbeanspruchung in einem 
odermehreren kritischen Oberflachenbereichen fur 
jedes Bauteil aus Metall unter Verwendung von 
Rontgenstrahlbeugungsverfahren bestimmt wird. 

27. Qualitatskontrollverfahren nach Anspruch 24, bei 
welchem die Rest-Druckbeanspruchung in einem 
oder mehreren kritischen Oberflachenbereichen fur 
jedes Bauteil aus Metall unter Verwendung von 
Rontgenstrahlbeugungsverfahren bestimmt wird. 



te de compression residuelle mesuree de nouveau 
sont mesurees par utilisation de techniques de dif- ' 
fraction des rayons X. 

5 3. Procede selon la revendication 1 , dans lequel la 
piece metallique est une piece tournante utilisee 
dans une turbine a gaz ou dans un moteur a reac- 
tion. 

10 4. Procede selon la revendication 2 r dans lequel la 
piece metallique est une piece tournante utilisee 
dans une turbine a gaz ou dans un moteur a reac- 
tion. 



Revendications 

1 . Procede pour concevoir une piece metallique a fa- 
tigue limitee, ce par quoi Ton ameliore un critere de 
performance choisi de la piece metallique tout en 
maintenant une contrainte de compression resi- 
duelle suffisante pour obtenir une duree de service 
acceptable de la piece metallique, (edit procede 
comprenant les etapes, dans lesquelles : 

(1) on realise un prototype de la piece 
metallique ; 

(2) on mesure la contrainte de compression re- 
siduelle dans une ou plusieurs zones de surfa- 
ce critiques du prototype pendant le deroule- 
ment de la conception de la piece metallique ; 

(3) on compare la contrainte de compression 
residuelle mesuree avec un niveau theorique 
de contrainte de compression residuelle prede- 
termine pour trouver une difference entre eux ; 

(4) on modifie le prototype pour ameliorer le cri- 
tere de performance choisi, les modifications 
etant choisies en fonction de ladite difference ; 

(5) on mesure de nouveau la contrainte de 
compression residuelle dans ladite une ou les- 
dites plusieurs zones de surface critiques du 
prototype modifie pour determiner le niveau 
theorique de contrainte de compression resi- 
duelle mesuree de nouveau afin d'evaluer I'ef- 
fet de la modification ; et 

(6) on repete les etapes (2) a (5) pour ladite une 
ou lesdites plusieurs zones de surface critiques 
jusqu'a obtention d'une piece metallique ac- 
ceptable et fonctionnelle, dans lequel la piece 
metallique acceptable et fonctionnelle possede 
un critere de performance choisi ameliore et 
pr6sente une contrainte de compression resi- 
duelle suffisante dans ladite une ou lesdites 
plusieurs zones de surface critiques en ce qui 
concerne son utilisation theorique. 

2. Procede selon la revendication 1 , dans lequel la 
contrainte de compression residuelle et la contrain- 



*5 5. Procede selon la revendication 3, dans lequel les 
pieces metalliques constituent un disque ou un ro- 
tor tambour. 

6. Procede selon la revendication 4, dans lequel la 
20 piece metallique est un disque ou un rotor tambour. 

7. Procede selon la revendication 1 , dans lequel le cri- 
tere de performance choisi est la reduction de mas- 
se de la piece metallique. 

25 

8. Procede selon la revendication 3, dans lequel le cri- 
tere de performance choisi est la reduction de mas- 
se de la piece metallique. 

30 9. Procede selon la revendication 4, dans lequel le cri- 
tere de performance choisi est la reduction de mas- 
se de la piece metallique. 

1 0. Procede de conception d'une piece metallique a fa- 
35 tigue limitee, ce par quoi Ton reduit la masse de la 
piece metallique tout en maintenant une contrainte 
de compression residuelle suffisante pour obtenir 
une duree de service acceptable de la piece metal- 
lique, ledit procede comprenant les etapes, dans 
40 lesquelles : 

(1) on realise un prototype de la piece 
metallique ; 

(2) on mesure la contrainte de compression re- 
45 siduelle dans une ou plusieurs zones de surfa- 
ce critiques du prototype pendant le deroule- 
ment de la conception de la piece metallique ; 

(3) on modifie le prototype en utilisant la diffe- 
rence entre la contrainte de compression resi- 

50 duelle mesuree et un niveau theorique de con- 

trainte decompression residuelle predetermine 
en tant que guide ; 

(4) on mesure de nouveau la contrainte de 
compression residuelle dans ladite une ou les- 

55 dites plusieurs zones de surface critiques du 

prototype modifie pour determiner la contrainte 
de compression residuelle mesuree de nou- 
veau par comparaison avec le niveau theorique 
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de contrainte de compression residuelle prede- 
termine afin d'evaluer I'effet de la modification ; 
et 

(5) on repete les etapes (2) a (4) pour ladite une 
ou lesdites plusieurs zones de surface critiques 
jusqu'a obtention d'une piece metallique ac- 
ceptable et fonctionnelle ayant une masse re- 
duite et une contrainte de compression resi- 
duelle suffisante dans ladite une ou lesdites 
plusieurs zones de surface critiques en ce qui 
concerne son utilisation theorique. 

11. Precede selon la revendication 10, dans lequel la 
contrainte de compression residuelle et la contrain- 
te de compression residuelle mesuree de nouveau 
sont mesurees par utilisation de techniques de dif- 
fraction des rayons X. 

12. Procede selon la revendication 10, dans lequel la 
piece metallique est une piece toumante utilisee 
dans une turbine a gaz ou un moteur a reaction. 

13. Procede selon la revendication 11, dans lequel la 
piece metallique est une piece toumante utilisee 
dans une turbine a gaz ou un moteur a reaction. 

14. Procede selon ia revendication 12, dans lequel la 
piece metallique est un disque ou un rotor tambour. 

15. Procede selon la revendication 13, dans lequel la 
piece metallique est un disque ou un rotor tambour. 

1 6. Procede de conception d'une piece metallique a fa- 
tigue limitee, ce par quoi Ton minimise la masse de 
la piece metallique tout en maintenant une contrain- 
te de compression residuelle suffisante pour obtenir 
une duree de service acceptable et un facteur de 
securite de la piece metallique, ledit procede com- 
prenant les etapes, dans iesquelles: 

(1) on realise un prototype de la piece 
metallique ; 

(2) on mesure la contrainte de compression re- 
siduelle dans une ou plusieurs zones de surfa- 
ce critiques du prototype pendant le deroule- 
ment de la conception de la piece metallique ; 

(3) on modifie le prototype en reduisant sa mas- 
se, en utilisant la difference entre la contrainte 
de compression residuelle mesuree et un ni- 
veau theorique de contrainte de compression 
residuelle predetermine en tant que guide ; 

(4) on mesure de nouveau la contrainte de 
compression residuelle dans ladite une ou les- 
dites plusieurs zones de surface critiques du 
prototype modifie pour determiner la contrainte 
de compression residuelle mesuree de nou- 
veau parcomparaison avec le niveau theorique 
de contrainte de compression residuelle prede- 



termine afin d'evaluer I'effet de la modification ; 
et 

(5) on repete les etapes (2) a (4) pour ladite une 
ou lesdites plusieurs zones de surface critiques 

5 jusqu'a obtention d'une piece metallique ac- 

ceptable et fonctionnelle ayant une masse mi- 
nimale et une contrainte de compression resi- 
duelle suffisante dans ladite une ou lesdites 
plusieurs zones de surface critiques pour obte- 

10 nir une duree de service et un facteur de secu- 

rite acceptables de la piece metallique. 

17. Procede selon la revendication 16, dans lequel la 
contrainte de compression residuelle et la contrain- 

is te de compression residuelle mesuree de nouveau 
sont mesurees par utilisation de techniques de dif- 
fraction des rayons X. 

18. Procede selon la revendication 16, dans lequel la 
20 piece metallique est une piece toumante utilisee 

dans une turbine a gaz ou dans un moteur a reac- 
tion. 

19. Proce6e selon la revendication 17, dans lequel la 
25 piece metallique est une piece toumante utilisee 

dans une turbine a gaz ou dans un moteur a reac- 
tion. 

20. Procede selon la revendication 18, dans lequel la 
30 piece metallique est un disque ou un rotor tambour. 

21. Procede selon la revendication 19, dans lequel la 
piece metallique est un disque ou un rotor tambour. 

35 22. Procede de contrdle de qualite de la fabrication de 
composants metalliques a fatigue limitee, ledit pro- 
cede comprenant la mesure de la contrainte de 
compression residuelle dans une ou plusieurs zo- 
nes de surface critiques de chaque composant me- 

40 tallique apres sa fabrication et avant sa mise en ser- 
vice, la comparaison de la contrainte de compres- 
sion residuelle mesuree dans une ou plusieurs zo- 
nes de surface critiques avec un niveau de contrain- 
te de compression residuelle predetermine corres- 

45 pondant de ladite une ou desdites plusieurs zones 
de surface critiques, et le marquage de chaque 
composant metallique dont la contrainte de com- 
pression residuelle mesuree est inferieure a son ni- 
veau de contrainte de compression residuelle pre- 

50 determine correspondant, ce par quoi les compo- 
sants metalliques marques ne sont pas mis en ser- 
vice. 

23. Procede de controle de qualite selon la revendica- 
55 tion 22, dans lequel les composants metalliques 
marques sont detruits ou autrement endommages 
pour empecher une utilisation non autorisee. 
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24. Procede de controle de qualite selon la revendica- 
tion 22, dans leque! les composants metalliques 
marques sont retravailles pour augmenter la con- 
trainte de compression residuelle dans ladite une 

ou lesdites plusieurs zones de surface critiques a s 
des niveaux superieurs a la contrainte de compres- 
sion residuelle predetermine correspondante, ce 
par quoi les composants metalliques retravailles 
peuvent etre mis en service, 

10 

25. Procede de controle de qualite selon la revendica- 
tion 22, dans lequel la contrainte de compression 
residuelle dans ladite une ou lesdites plusieurs zo- 
nes de surface critiques de chaque composant me- 
tallique est determinee par utilisation de techniques 15 
de diffraction des rayons X. 

26. Procede de controle de qualite selon la revendica- 
tion 23, dans lequel la contrainte de compression 
residuelle dans ladite une ou lesdites plusieurs zo- 20 
nes de surface critiques de chaque composant me- 
tallique est determinee par utilisation de techniques 

de diffraction des rayons X. 

27. Procede de controle de qualite selon la revendica- 25 
tion 24, dans lequel la contrainte de compression 
residuelle dans ladite une ou lesdites plusieurs zo- 
nes de surface critiques de chaque composant me- 
tallique est determinee par utilisation de techniques 

, de diffraction des rayons X. 30 
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